Abstract. Boron-tolerant bacteria fall in the category of extremophilic organisms as they have the ability to survive in high boron environments. Such bacterial species needs to be characterized to identify new extremophilic organisms from the ecology for biotechnological benefits. In this study, five boron-tolerant bacterial strains, designated as NCCP-132, NCCP-133, NCCP-134, NCCP-135 and NCCP-136 were isolated from sewage sludge treatment pond of Islamabad, Pakistan. These strains grew on media containing 200 to more than 450 mM of boron concentration. However, the microbial growth is found high at low boron concentration. The isolated boron-tolerant bacterial strains were either extremely boron-tolerant or moderately boron-tolerant. The 16S rRNA gene sequences and phylogenetic analyses delineated that all strains were found to be closely related to species belonging to different genera: Bacillus, Oceanobacillus and Lentibacillus. Strains NCCP-132, NCCP-134 and NCCP-135 are found to be novel species, while NCCP-133 and NCCP-136 are revealed to be previously identified bacterial species. Morphological, physiological and biochemical characteristics of these strains were studied at their optimal growth conditions. Our study inferred that the sewage treatment pond of Islamabad, Pakistan is rich in boron-tolerant extremophilic bacterial population with diverse bacterial communities having a potential to be utilized in various biotechnological applications in future.
Introduction
Boron is concentrated in the earth's crust in the form of borate minerals. The largest known boron deposits have been found in Turkey (Col and Col, 2003) . Microbes, plants and animals require boron as micronutrient for their growth (Stanier et al., 1966; Goldbach et al., 2010) , but the level of required concentration varies among different organisms (Saleem et al., 2011) . Boron in lesser concentration has been declared useful for the treatment of candidal vulvovaginitis (Swate and Weed, 1974; Otero et al., 2002) , food preservation against different microbes (Nielsen, 2004) , and an insecticide against cockroaches (Cochran, 1995) . Although boron is an essential micronutrient but a very
Isolation and Enrichment
Procedures of isolation and enrichment of cultures were performed to recover borontolerant bacterial strains on tryptic soy agar (TSA, Difco TM ) medium. Serial dilution of samples was carried out in phosphate buffer saline (PBS) in an appropriate volume. The diluted samples were streaked on TSA medium containing 50 mM boron and incubated at 28 °C for 2-3 days. Isolated strains were sub-cultured many times under similar conditions. Later on, the pure cultures of morphologically different bacteria were obtained and used for further characterization. All of isolated strains were preserved at 4 °C, and also in glycerol (35 % w/v) stocks at -80 °C. 
Growth Optimization
Growth conditions of isolated strains were evaluated at different pH (4.0-10.0), temperature (4-50 °C), and NaCl [0-16 % (v/v)] by allowing bacterial strains to grow in a shaking incubator at 28 °C for 2-5 days. TSB medium was used for optimization of growth conditions at OD 600 .
Morphological Observation
Morphological observations and comparisons were made using microbiological standard. Bergey's manual was used to characterize pure bacterial colonies on the basis of color, shape, margin, elevation, texture, size, etc. Gram staining and visualization of colony morphology of pure bacterial strains was done by light microscope (Nikon E600, Japan).
Boron-tolerance Assay
Boron-tolerance of each strain was performed by growing the bacterial strains at 28 °C in a shaking incubator using tryptic soy broth (TSB; Bacto TM ) medium containing various concentrations of boron from 0-450 mM. Bacterial growth was evaluated using spectrophotometer at 600 nm (OD 600 ) for 3-7 days.
Identification using 16S rRNA Gene Sequencing
Genomic DNA extraction was performed following Ahmed et al. (2007a) . It involved suspension of 2-3 well isolated bacterial colonies in 20 μL of Tris EDTA (TE) buffer in a micro-PCR tube. After heating the cells at 95 °C for 10 min, centrifugation was carried out at 6000 rpm for 2-3 min. The pellet was discarded and the supernatant obtained was used as a template DNA for amplification of 16S rRNA gene. Polymerase chain reaction (PCR) was performed using 9F (5'-GAGTTTGATCCTGGCTCAG-3') and 1510R (5'-GGCTACCTTGTTACGA-3') primers and PreMix ExTaq (Takara, Japan) to amplify the 16S rRNA gene of the isolated strains according to previous protocol (Ahmed et al., 2007a ) using ABI Veriti PCR Machine (Applied Biosystems, USA) with the optimized PCR program, i.e., initial denaturation at 94 °C for 2 min, 30 cycles of denaturation at 94 °C for 1 min, annealing at 50 °C for 1 min, extension at 72 °C for 1:30 min, and final extension at 72 °C for 5 min. Amplification of 16S rRNA gene was confirmed on 0.8% agarose gel. Documentation system (UVIPro Platinum, England) was used for viewing the DNA image. The purification and sequencing of amplified PCR products was performed using 27F (5'-AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-ACCTTGTTACGACTT-3') primers and commercial service of Macrogen Inc. Korea (www.dna.macrogen.com).
Phylogenetic Analysis
Sequences were aligned using Clustal X software and the fragment sequences of 16S rRNA gene were assembled by BioEdit. Later on, 16S rRNA gene sequences were submitted to DDBJ (http://www.ddbj.nig.ac.jp/) ( Table 1) . Bacterial strains were identified by BLAST search using 16S rRNA gene sequences. Ez-Taxon server was used to retrieve the sequences of closely related type strains in order to construct phylogenetic trees. MEGA software Version 7 was used for phylogenetic and molecular evolutionary analyses. 
Biochemical Characterization
Biochemical analysis of the isolated strains was performed using API ZYM, API 20E and API 50CH (bioMérieux, France) according to the manufactured protocols, whereas oxidase and catalase tests were performed according to the procedure of Cowan and Steel (2004) . The suspension medium of API was utilized for inoculation of strips in all tests. API ZYM test was conducted for elucidation of enzymatic activities, and API 50CH strips were used for carbohydrate utilization and other biochemical analysis.
Results and Discussion

Isolation and Identification of Boron-tolerant Bacteria
The bacterial strains isolated from sewage treatment pond (shown in Figure 1 ) were found extremely and moderately boron-tolerant (tolerated up to 450 mM of boron). This site was selected for sampling because it is reported that sewage treatment ponds are rich in bacteria that can grow in environment having high concentrations of boron element. A total of five bacterial strains were isolated because it is recommended that the number of strains studied for each taxon should be at least five, and ideally ten or more; observations on a minimum of three strains are necessary to have some indication of natural variability (Logan et al., 2009 ). This difference in strains could be due to the environmental changes occurring in different sites of the sewage treatment pond. Taxonomic identification of five bacterial isolates was conducted by using the robust method of 16S rRNA gene sequencing ( Table 1) . Thereafter, the phylogenetic position of each strain was determined by the construction of phylogenetic trees (Figures 1 and  2 ). Phylogenetic analysis delineated that the isolated strains belonged to Virgibacillus, Oceanobacillus, and Bacillus ( Bacillus) shared > 97 % identity with their closest phylogenetic relatives. These result showed that NCCP-133 and NCCP-136 may belong to the known species of Bacillus oceanisediminis H2 T (GQ292772) and Bacillus oryzaecorticis R1 T (KF548480), respectively, whereas the other three strains (belonging to genera Bacillus, Virgibacillus and Oceanobacillus) sharing < 97 % sequence similarity confirmed that these strain belong to new species, however further taxonomic characterization experiments need to be performed to delineate these strains as novel species. 
Phylogenetic Analysis of Identified Strains
The strains NCCP-132, NCCP-133 and NCCP-136 belong to genus Bacillus based on 16S rRNA gene sequence data as depicted in the phylogenetic tree ( Figure 2 ). Strain NCCP-132 showed 96.66 % similarity with Bacillus pakistanensis NCCP-168 T ( Table  1) T (DQ386635), respectively. As the similarity with pre-identified species was less than 97 %, suggesting these two strains can be further studied taxonomically to delineate these strains as novel species. The G+C content of the DNA of the type strain should be determined by high performance liquid chromatography (HPLC) and is recommended for the description of novel species, and essential for the description of new genera (Logan et al., 2009 ). As identical or highly similar 16S rRNA gene sequences do not guarantee species identity, DNA-DNA hybridization is essential in case of species description when 16S rRNA gene sequences of the novel strains show < 97 % or less similarity with existing taxa. Several widely used methods do not allow the determination of thermal stability (expressed as ∆Tm) of the hybrid, but differences in ∆Tm between the hybrid and the homologous duplex are important and can be decisive for taxonomic conclusions. Hence, determination of ∆Tm is recommended (Logan et al., 2009) .
Nucleic acid fingerprinting is also recommended because DNA fingerprinting methods provide information at the subspecies and strain level. Examples are amplified fragment-length polymorphism (AFLP) analysis, macrorestriction analysis after pulsedfield gel electrophoresis (PFGE), random amplified polymorphic DNA (RAPD) analysis, rep-PCR (repetitive element-primed PCR, directed to naturally occurring, highly conserved, repetitive DNA sequences, present in multiple copies in the genome), including REP-PCR (repetitive extragenic palindromic-PCR), ERIC-PCR (enterobacterial repetitive intergenic consensus sequences PCR), BOX-PCR (derived from the boxA element) and (GTG) 5-PCR, and ribotyping (Logan et al., 2009 ). DNA-DNA hybridization study, together with DNA fingerprinting and 16S rRNA sequence analysis clearly demonstrate the strains to be novel or already identified and more work has to be done on the phenotypic and genotypic level.
Colony Morphology of Bacterial Strains
The isolated five bacterial strains were grown at 28 °C for 3 days on TSA medium containing 100 mM boron concentration. Phase-contrast microscopy showed colony morphology of isolated strains. Gram staining of bacterial isolates was also performed ( Table 2 ). Colonial pigmentation of the isolates included pale yellow, creamy and orange coloration. The colonies were round and punctiform in shape and circular in form. Colony surfaces were smooth and margins were entire. Colonies had raised, flat, and convex elevations. The colonies possessed moist and mucoid texture, whereas the opacity of colonies was found to be translucent and opaque. Phase-contrast microscopy at x1000 magnification is superior to bright-field microscopy of stained smears, including spore staining, and is much more convenient (Logan et al., 2009 ). Electron microscopy could be done to reveal additional morphological information like flagellation, and sporangial appearance could also be checked.
Optimization of growth conditions for all strains was carried out regarding pH, temperature and NaCl tolerance ( Table 3 ). The boron-tolerant bacterial strains were found to grow best at 7-9 pH, 16-37 °C temperature and 0-4% (v/v) NaCl concentration. All bacterial isolates were oxidase and catalase positive as well as Gram-positive. Positive, negative, weakly positive, moderately positive, and strongly positive observations were recorded via tests of API ZYM and API 50CH kits (Table 4a, b) . 
NCCP-133
NCCP-134
NCCP-135
NCCP-136
+ positive, -negative, w+ weakly positive, ++ strongly positive
Optimization of Conditions for Bacterial Growth and Biochemical Characterization
Chemotaxonomic fingerprinting techniques applied to aerobic endospore-formers include fatty acid methyl ester (FAME) profiling, PAGE analysis of whole-cell proteins, polar lipid analysis, quinone content, cell-wall diamino acid content, pyrolysis mass spectrometry, Fourier-transform infrared spectroscopy, Raman spectroscopy and matrix- Optimum growth temperature is 37 °C, thus, mesophilic. The temperature range for growth is 10-45 °C. Optimum NaCl concentration needed for growth is 0-2 %, thus, slightly halotolerant. The growth range for NaCl concentration is 0-3 %.
On TSA medium, colonies of NCCP-136 are orange in colour, punctiform, circular, smooth, having entire margins, having raised surface, moist, opaque and 1.0mm in size after 3 days at 28°C. Cells are gram-positive, catalase-positive and oxidase-positive. In API ZYM gallery, alkaline phosphatase, esterase, esterase lipase, lipase, trypsin, acid phosphatase, leucine arylamidase, α-galactosidase, β-galactosidase, naphthol-AS-B1-phosphohydrolase, α-mannosidase, α-fucosidase, N-acetyl-β-glucosaminidase, α-glucosidase, β-glucosidase and β-glucuronidase tests are negative. growth temperature is 28-37°C, thus, mesophilic. The temperature range for growth is 10-45°C. Optimum NaCl concentration needed for growth is 0%, thus, non-halotolerant. The growth range for NaCl concentration is 0-7%.
Description of NCCP-133
Phylogenetic analysis revealed that NCCP-133 belongs to the Bacillus genus, and is similar to B. firmus, based on comparison of 16S rRNA gene sequence. On TSA medium, colonies of NCCP-133 are yellow in colour, round, circular, smooth, having entire margins, having raised surface, mucoid, translucent and 1.5mm in size after 3 days at 28°C. Cells are gram-positive, catalase-positive and oxidase-positive. In API ZYM gallery, alkaline phosphatase, esterase, esterase lipase, lipase, trypsin, acid phosphatase, leucine arylamidase, valine arylamidase, α-galactosidase, β-galactosidase, naphthol-AS-B1-phosphohydrolase, α-mannosidase, α-fucosidase, N-acetyl-β-glucosaminidase, α-glucosidase, β-glucosidase and β-glucuronidase tests are negative. 
Description of NCCP-135
Phylogenetic analysis revealed that NCCP-135 belongs to the Oceanobacillus genus, and is similar to O. profundus, based on comparison of 16S rRNA gene sequence. On TSA medium, colonies of NCCP-135 are yellow in colour, round, circular, smooth, having entire margins, having raised surface, moist, translucent and 1.0mm in size after 3 days at 28°C. Cells are gram-positive, catalase-positive and oxidase-positive. In API ZYM gallery, alkaline phosphatase, esterase, lipase, acid phosphatase, trypsin, valine arylamidase, naphthol-AS-B1-phosphohydrolase, α-galactosidase, α-glucosidase, β-glucosidase, α-fucosidase and β-glucuronidase, β-galactosidase tests are negative. Optimum temperature is 37 °C, thus, mesophilic. The temperature range for growth is 10-37°C. Optimum NaCl concentration is 1-2%, but its tolerance to NaCl ranges 0-14%, thus, slightly halotolerant.
Conclusion
Bacterial isolates having high biological diversity were found from the sewage samples taken from different sites of sewage treatment pond. Biological diversity is evident from the data depicting morphology of these isolates. As phenotypic characterization was not enough for microbial identification so different factors like pH, temperature and NaCl were optimized for growing boron-tolerant bacteria. Furthermore, biochemical testing showed different biochemical properties of bacterial isolates. However, the accurate taxonomic position of bacterial strains was confirmed by the conventional method for microbial identification, i.e., phylogenetic analysis using comparative sequence analysis of 16S rRNA gene. Out of the five bacterial isolates, four were highly boron-tolerant and one was moderately boron-tolerant strain. NCCP-133 and NCCP-136 were found to be pre-identified strains as these shared > 97 % similarity of 16S rRNA gene sequence with their closest relatives. NCCP-132 (Bacillus sp.), NCCP-134 (Lentibacillus sp.) and NCCP-135 (Oceanobacillus sp.) were found to be novel species based on phylogenetic analysis, however further taxonomic
